Heterogeneous Catalysis Transesterification of Waste Cooking Oil (WCO) and Parametric Optimization by Na chatree, Nichapa
 
 
Heterogeneous Catalysis Transesterification of 












Dissertation submitted in partial fulfilment of 
the requirements for the 













Universiti Teknologi PETRONAS, 
32610 Bandar Seri Iskandar,  
Perak Darul Ridzuan 
ii 
 
CERTIFICATION OF APPROVAL 
 
 
Heterogeneous Catalysis Transesterification of 










A project dissertation submitted to the  
Chemical Engineering Programme 
Universiti Teknologi PETRONAS 
in partial fulfilment of the requirements for the 









(Dr. Sintayehu Mekuria Hailegiorgis) 
 
 
UNIVERSITI TEKNOLOGI PETRONAS 




CERTIFICATION OF ORIGINALITY 
 
 
This is to certify that I am responsible for the work submitted in this project, that the 
original work is my own except as specified in the references and acknowledgements, 
and that the original work contained herein have not been undertaken or done by 






























Waste cooking oil (WCO) is considered to be a potential feedstock for 
biodiesel due to its low cost, availability in avoiding the food-for-fuel competition of 
the same oil resources, and also associated with WCO disposal.  Hence, the WCO was 
chosen for this study to investigate the transesterification reaction of microwave 
energy pretreated WCO using heterogeneous catalyst derived from chicken bones from 
the calcination temperature of 900 °C (C900). WCO and catalyst characterization were 
performed. Two models; alkali heterogeneous catalysis transesterification and 
microwave energy pretreated alkali heterogeneous catalysis transesterification, were 
designed of 62 experiments to investigate the effect of five reaction variables; 
Methanol to oil molar ratio, catalyst concentration, reaction temperature, reaction time 
and microwave heating time. The interaction effects of reaction variables were studied 
using statistical tool of Central Composite Design (CCD) technique of Response 
Surface Methodology (RSM). It is found that reaction temperature and reaction time 
are the significant variables for heterogeneous catalysis transesterification whereas 
reaction time, microwave heating time and C900 concentration were dominant 
variables to the FAME yield. The optimum FAME yield of microwave energy 
pretreated transesterification was at 91.94 % and qualitatively higher than that of alkali 
heterogeneous catalysis transesterification which gained 98.308 %. The FAME yield 
conditions proved that microwave energy can improve the transesterification and 
enhance the product yield up to 3.38 times higher than alkali heterogeneous catalysis 
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1.1 Background  
According to ‘World Energy Outlook 2014 Factsheet: How will global energy 
markets evolve to 2040?’ released by International Energy Agency (IEA) in November 
2014, energy demand growth is rising faster than the previous decades, by 37% in 
2040, with an average rate of growth of 1.1%. Finding the alternative source of fuel 
supply is vital as it is predicted that world energy consumption by 2050 will triple the 
current energy use (World Energy Council [WEC], 2013) as the world population is 
increasing from 6.9 billion in 2010 up to 9.6 billion in 2050 (United Nations [UN], 
2013).  
Waste cooking oil (WCO) is considered to be a potential feedstock for 
alternative energy such as biodiesel due to its low cost down to 60-70% (Math, Kumar 
& Chetty, 2010; Sani, Daud & Abdul Aziz, 2012), and its availability that not only 
avoid the food-for-fuel competition of the same oil resources but also solve the 
problems associated with WCO disposal (Farooq, Ramli & Subbarao, 2013). WCO 
from the world consumption converting into biodiesel, can supply around 12-16 % of 
total diesel consumption in 2030, as according to Foreign Agricultural Service of 
United States Department of Agriculture’s data report that global consumption of 
vegetable oil is approximately 170 million metric tonnes in 2014 where palm oil 
accounts for 60 % of total consumption (Agriculture, United States department 
[USDA], 2015), and the world’s demand for diesel will increase from 1022 million 
metric tonnes per year in 2009 to 1460 million metric tonnes per year by the year 2030 
(Organization of Petroleum Exporting Countries [OPEC], 2009). 
Converting WCO to biodiesel can be achieved through the most common 
method, transesterification, in order to reduce the highly viscous property to make a
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suitable and alternative fuel for diesel engines (Boz, Degirmenbasi, & Kalyon, 2015; 
Charpe & Rathod, 2011). However, conventional transesterification reaction is time 
consuming while the assistance of common homogeneous catalyst results 
unsatisfactory separation with environmentally hazardous waste whereas 
heterogeneous catalyst is more effective but costly (Technical University of Crete 
[TUC], 2013). 
Efficient and environmental friendly alkali heterogeneous catalyst such as 
Calcium oxide (CaO) (N. Viriya-empikul et al, 2010) can be successfully derived from 
animal bone and used for biodiesel production (Chakraborty et al, 2011). Chicken as 
the world and Malaysian highest meat consumption at 93 and 1.5 million tonnes per 
annum (MTA) respectively between 2010 to 2012 and is forecasted to increase up to 
25 % in 2020 (Heinrich Böll Foundation & Friends of the Earth Europe, 2014) 
containing 33 % bones of total weight can be derived to calcium oxide is proper waste 
utilization which provides sufficient catalytically active for transesterification reaction 
(Farooq, Ramli, & Naeem, 2015).  
Apart from the aid of catalyst, different irradiation assisting technique 
including microwave pretreatment for the oil could be applied in order to improve the 
transesterification reaction (El Sherbiny et al., 2010) as it is found that microwave 
energy pretreated transesterification of Jatropha Curcus L. oil substantially increased 
the reaction rate and production yield enhancement (Hailegiorgis, Mahadzir & 
Sabbarao, 2014) 
Hence, microwave energy pretreated transesterification of waste cooking oil 
using chicken bone as heterogeneous catalyst is selected to be investigated and studied 
with the optimum condition conducted using surface response methodology (RSM) in 
parametric optimization as it is one such widely applied statistical tool for 
experimental design and identification of optimal condition (Myers,Montgomery & 







1.2 Problem Statement  
Petroleum based fuel is limited, unrenewable and non-environmental friendly, 
against the rise of world energy demand and the needs of economically and 
environmentally sustainable development. However, it gains higher popularity as the 
alternative energy such as biodiesel is more expensive due to high production cost 
arising from feedstock price, catalyst cost, and reaction. Current feedstock of biomass 
to convert to biodiesel is insufficient and uncompetitive to replace all petroleum-based 
fuel in long term due to the crop life cycle, land and water consumption, leading to 
food conflict and rising price. Furthermore, the feedstock conversion to biodiesel using 
conventional transesterification reaction is time-consuming and required catalyst 
whereas alkali heterogeneous catalyst provides good yield but costly. 
An alternative fuel such as biodiesel from waste cooking oil using 
heterogeneous catalyst derived from waste chicken bone could be a potential resource 
to substitute petroleum based fuel, nevertheless it requires more researches in several 
aspects as for production feasibility and optimization in order to compete with diesel. 
However, identification of optimum operating condition using conventional method is 
nearly impossible due to cross influence of different variables. 
 
1.3 Objectives 
1. To investigate the transesterification reaction of microwave energy pretreated 
waste cooking oil using heterogeneous catalyst derived from chicken bones. 
2. To study the individual and interaction effect of reaction variables on 
transesterification of waste cooking oil. 
3. To conduct the parametric optimization for maximum biodiesel yield. 
 
1.4 Scope of Study  
1. Palm waste cooking oil will be used as a non-edible oil source. Oil 
characterization was conducted based on the official method cd 3d-63, revised 
2003 of American Oil Chemists Society (AOCS). 
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2. Calcium oxide derived from chicken bones throughout calcination method at 
thermal treatment temperature of 900 and 1000 °C were used as catalyst. 
3. The physicochemical properties of the synthesized catalysts were studied by 
Fourier-transform infrared spectroscopy (FTIR), energy dispersive X-ray 
(EDX), and field-emissions scanning electron spectroscope (FESEM). 
4. Two models of catalyzed transesterification; (1) Alkali Heterogeneous 
Catalysis Transesterification, (2) Microwave Pretreated Alkali Heterogeneous 
Catalysis Transesterification, were conducted to investigate the effect of five 
reaction variables; Methanol to oil ratio, catalyst concentration, reaction 
temperature, and reaction time on the yield of biodiesel. 
5. The interaction effect of reaction variables will be studied using statistical tool 
of  Central Composite Design (CCD) technique of Response Surface 
Methodology (RSM). 
 
1.5 Relevancy of the Project 
The development of alternative and renewable fuel which employs efficiency 
and sustainability is the key trend for the future energy scenario due to the fossil fuel 
resource depletion driving to non-economic feasibility, and energy reserve instability. 
Besides, the environmental challenge urged by governments in many countries to curb 
Carbon dioxide emissions to achieve climate goal towards limiting the global 
temperature additionally increase the field development capital and operational 
expenditure. Researching and investigating for alternative fuel are part of feasibility 
study for further development and optimization. 
 
1.6 Feasibility of Project 
The project was feasible within the scope of investigating the 
transesterification reaction of waste cooking oil via heterogeneous catalysis derived 
from chicken bones, focusing on the study the individual and interaction effect of 
reaction variables and the parametric optimization for maximum biodiesel yield. The 









According to technical definition as presented in ASTM D6751, biodiesel 
designated as B100 is a fuel consisted of mono-alkyl esters of long chain fatty acids 
derived from renewable biological lipids such as vegetable oils or animal fats. In 
addition, the biodiesel produced must meet the requirement of ASTM D6751 (see 
Appendix A, TABLE A.1). A blend biodiesel is called BXX where XX represents the 
volume percentage of biodiesel fuel in the blend with petroleum-based diesel fuel (US 
Environmental Protection Agency, 2007). 
 
2.2 Transesterification 
2.2.1 Mechanism of Transesterification 
Conversion pure plant oil to biodiesel can be achieved to reduce the oil high 
viscous property by either of the four methods; dilution, micro emulsions, thermal 
cracking (pyrolysis), and transesterification where transesterification (also called 
alcoholysis) is the commonly employed method to reduce the viscosity of the 
triglycerides in the feedstock during biodiesel production (Demirbas, 2008; Flora, 
2011) as the process includes the chemical restructure due to the heating of 
Triglycerides (TG) with alcohol and catalyst in order to yield the fatty acid methyl 
ester (FAME) and glycerol (Sani, Daud & Abdul Aziz, 2012) which can be turned into 
a reactant for soap production. (See Appendix A, FIGURE A.1). General mechanism 
of transesterification of triglyceride involves three continuous reactions from 




resulting from the attack of the alkoxide to rearrangement which gives rise to FAME 
and glycerol (Marchetti, Miguel, & Errazu, 2007; Meireles & Pereira, 2013). 
The reactions in transesterification is reversible and can be performed without 
catalyst (Demirbas, 2008; Dwivedi & Sharma, 2013), however, adding catalyst is a 
usual practice to increase the reaction rate and yield (Demirbas, 2008; Sani, Daud & 
Aziz, 2012; Dwivedi & Sharma, 2013).  
 
2.2.2 Microwave Energy Pretreated Transesterification 
Microwave-assisted extraction or extractive transesterification could be an 
alternative to address the mechanical oil extraction concerns as the ability of the 
microwaves to penetrate through the cell wall structure results in an efficient recovery 
of oils and lipids (Patil et al., 2011). Its irradiation effect on the transesterification 
reaction is twofold: (1) enhancement of reaction by a thermal effect, and (2) 
evaporation of methanol due to the strong microwave interaction of the material (Yuan 
et al., 2009). The microwave interaction with the triglycerides and methanol results in 
large reduction of activation energy as the dipolar polarization phenomenon increases 
(Perreux and Loupy, 2001) due to molecular level interaction of the microwaves in the 
reaction mixture resulting in dipolar rotation and ionic conduction (Kanitkar, 2010).  
The microwave performed better than ultrasound irradiation due to the higher 
reaction temperature caused by the microwave dielectric heating effect. The 
temperature distribution in a substance subjected to microwave radiation is thus 
governed by the interaction and absorption of radiation by the medium (e.g. methanol 
and oil mixture) and the accompanying transport processes due to the dissipation of 
electrical energy into heat (Martinez-Guerra & Gude, 2014). 
Microwave can be very well utilized in feedstock preparation, extraction and 
transesterification stages of the biodiesel production process. (Gude et al., 2013). It is 
found that microwave energy pretreated transesterification of Jatropha Curcus L. oil 
substantially increased the reaction rate and production yield enhancement 
(Hailegiorgis, 2013), and the biodiesel production of Jatropha using conventional 
heating yields 99.8 % in 60 minutes., but microwave irradiation yields 97.4% in 20 
minutes (Sherby, 2010). 
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2.2.3 Reaction Variables 
The parameters affecting the methyl ester formation are FFA content, water in 
the oil, catalyst type and concentration, alcohol to oil ratio, reaction temperature, 
agitation speed and reaction time. Each parameter is equally favorable influence the 
quality and quantity of biodiesel produced and to achieve high conversion rates 
(Dermirbas, 2008; Leung, Wu & Lueng, 2010). Reaction variables are good concern 
for economic purpose as the best process occurs at lower temperature and have the 
highest conversion in the shortest amount of time (Charpe & Rathod, 2011).  
According to results of a study aimed to determine the transesterification 
reaction parameters to produce the lowest kinematic viscosity waste cooking oil 
biodiesel by using sodium hydroxide (NaOH) as catalyst and ethanol (C2H5OH) as 
alcohol, reaction parameters giving the lowest kinematic viscosity of 4.387 cSt were 
determined as 1.25 % catalyst concentration, 70 °C reaction temperature, 120 minutes 
reaction time and 12:1 alcohol/oil molar (Bilgin et al., 2015). 
Higher catalyst concentration in transesterification improves the yield of the 
transesterification reaction as the viscosity of the produced biodiesel decreases. 
Nevertheless, the use of excess catalyst concentration will result otherwise (Uzun et 
al., 2012). Theoretically, transesterification requires 3:1 methanol-to-oil molar ratio.  
For the base-catalyzed transesterification, an increase in the methanol to oil ratio 
increases the conversion as excess methanol is used for the reaction to shift the reaction 
equilibrium toward the direction of methyl ester formation (Amani, Asif & Hameed, 
2015). However, there was a decrease in the conversion at a higher methanol:oil ratio 
in the enzymatic transesterification of oil, as the methanol might inhibited the enzyme 
(Charpe & Rathod, 2011). In addition, Reaction temperature between 30 to 50 °C 
affected only a minor increase change in the product yield. However, with increasing 
the temperature from 50 to 70 °C the product yield decreased..(Kafuku & Mbarawa, 






2.3 Waste Cooking Oil as a Source of Biodiesel 
Toop et al. (2013) defined that Waste Cooking Oil (WCO) or also called Used 
Cooking Oil (UCO), is purified oils and fats of plant and animal origin which have 
been used for human consumption and become wastes as they are no longer fit for that 
purpose and are subsequently used as either feedstock for the production of biodiesel 
as fuel for automotive vehicles and heating or as a direct fuel. Similar to Toop et al. 
(2013), Environmental Agency (2009) also stated that WCO are liquid at room 
temperature, esters of glycerol and a varying blend of fatty acids like other fats, and  
they are biodegradable, insoluble in water, but soluble in organic solvent.  
The transesterification of waste sunflower frying oil using lipase enzyme was 
performed in a batch reactor, it was concluded that biodiesel can be produced from 
waste frying oil using a catalyst and by using various parameters that were optimized 
in the study (Charpe & Rathod, 2011). It is found after the performance, emission and 
combustion evaluation that WCO emulsion can be used in diesel engines without any 
modifications in the engine with superior performance and reduced emissions at high 
power outputs (Senthil Kumar & Jaikumar, 2014). 
 
2.4 Chicken Bone as Heterogeneous Catalyst 
To make biodiesel production process cost effective, the chemistry of 
heterogeneous catalysts such as solid alkaline catalysts needs to be thoroughly 
explored, developed and use consistently in producing biodiesel since its catalytic 
activity is high, its catalyst life time is long and it operates under only mild reaction 
conditions (Atadashi, Aroua, Abdul Aziz, & Sulaiman, 2013). Furthermore, the 
catalysts were found provide biodiesel yield similar those obtained from homogeneous 
alkaline catalysts (Endalew, Kiros, & Zanzi, 2011).  
Calcined chicken bone generally consists of CaO (80.21 %) and P2O5 (13.76 
%) (Lim et al., 2012), which are the components of Hydroxylapatite or also called 
Hydroxyapatite, naturally occurring as mineral form of calcium apatite with the 
formula Ca5(PO4)3(OH), but is usually written Ca10(PO4)6(OH)2, and it generally can 
be found in animal bones (Puteh, 2012). The calcined animal bones such as fish bone, 
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bovine bone, sheep bone and chicken bone has been successfully used as catalysts for 
biodiesel production in several researches (Farooq et al., 2015; Madhu, Singh & 
Sharma, 2014; Obadiah et al., 2012; Smith, et al., 2013).  
Calcium oxide (CaO) can be used as alkali heterogeneous catalyst for 
transesterification which yields 89 - 98 % and it can be reused up to 4-5 time with 
excellent performance based on following literatures. According to Veljković et al. ( 
2009), CaO is most widely used as catalyst for transesterification and report says as 
high as 98% FAME yield is possible during the first cycle of reaction.  Reactivity of 
such CaO is further improved by washing and thermal calcinations, usually at 
temperature 700-800 ˚C, which can increase the reactivity as high as approximately 
93% even after 20 cycles of reactions (Liu, Wang, Zhao X & Feng, 2008).   
CaO can be derived from Chicken bone via calcination method at temperature 
between 700-1000 ˚C. Puteh (2012) stated that 1000˚C of calcined catalyst gives 
highest conversion of 89 % biodiesel due to the smaller particle size that gives higher 
surface area, higher accelerated reaction as well as the presenting of highest fraction 
of calcium, while Farooq et al. (2015) concluded that CaO derived from Chicken bones 
at 900 ˚C is proper waste utilization which provides sufficient catalytically active for 
transesterification reaction of low FFA from WCO with 4 time excellent reusability 
and the reaction temperature is between 60 to 70 ˚C (Chakraborty et al., 2011; Du et 
al., 2004; Viriya-empikul, 2010) 
 
2.5 Response Surface Methodology 
RSM is a group of mathematical and statistical techniques that are based on the 
fit of empirical models to the experimental data obtained in relation to experimental 
design (Teofilo & Ferreira, 2006). Steps in RSM application includes major variable 
selection, choice of experimental design, mathematic-statistical treatment of obtained 
data, evaluation of model’s fitness, verification of displacement, and obtaining 
optimum values.  
Identification of optimum operating condition using conventional method is 
near impossible due to cross influence of different variables. The use of statistical 
methods can be advantageous in understanding interactions among process variables 
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with minimum number of experiments that need to be performed and find optimal 
condition. Response surface methodology (RSM) is one such widely applied statistical 
tool for experimental design and identification of optimal condition 
(Myers,Montgomery & Anderson-Cook, 2009; Mongomery, 2009). The report 
(Teofilo & Ferreira, 2006) mentioned also that a critical point (maximum, minimum, 
or saddle) can be functioned by the polynomial quadratic terms. 
A study proved that the optimization method performing statistically through 
RSM to investigate interesterification of WCO to methyl esters using immobilised 
lipase is a significant way to improve and enhance the process of converting WCO to 
fatty acid methyl esters for better production of environmental oriented biodiesel in a 
large scale operation (Razack & Duraiarasan, 2015). 
 
2.5.1 Central Composite Design 
According to Bezerra et al. (2008), the central composite design is a technique 
for optimization, consisting of three parts: (1) a full factorial design; (2) an additional 
design, often a star design in which experimental points are at a distance α from its 
center; and (3) a central point. Full uniformly routable central composite designs 
present the following characteristics: 
(1) Experimental number according to N = k2 + 2k + cp, where k is the factor 
number and (cp) is the replicate number of the central point; 
(2) α-values depend on the number of variables and can be calculated 
by α = 2(k − p)/4. For two, three, and four variables, they are, respectively, 1.41, 1.68, 
and 2.00; 














Overall process flow diagram of the research methodology to investigate 
transesterification of WCO with pre heating using microwave energy in the presence 
of heterogeneous catalyst which is calcium derived from chicken bones is presented in 
FIGURE 3.1. Materials and chemicals to be used are tabulated in TABLE 3.2 
Experimental methodology is presented in section 3.3. Statistical design of the 
experiment for transesterification of WCO is discussed in section 3.4.3. 
 
3.2 Materials, Chemicals and Apparatus 
Waste cooking oil (WCO) used is expected to obtain from UTP cafeteria and 
restaurants. Pretreatment of oil is to be carried out to remove excess FFA content. 
Chemicals used for transesterification reaction, pro-analysis chemicals, and catalyst 
are shown in TABLE 3.1.  
 
3.3 Experimental Approach 
The experimental approach consists of six phases; (1) preliminary research, (2) 
problem statement, (3) scope identification, (4) literature review, (5) experimental 
design, and (6) discussion and conclusion. Details of each phase are as following; 
Preliminary research has been achieved for general understanding on the topic, 
the industrial market outlook and the non-edible oil selection. After that, microwave 
energy pretreated transesterification, WCO and calcium derived from chicken bones  
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as heterogeneous catalyst were determined to be the research key. Then, problem 
statement and scope identification were respectively specified throughout the literature 
review. The experimental design can be divided into 4 stages; Catalyst preparation, 
Catalyst characterization, Oil characterization, Transesterification, and Statistical 
experiment design which will be described in section 3.3.1-3.3.4. Discussion and 
conclusion are to achieve and report preparation was achieved step by step along the 
project activity. The experimental approach is illustrated as in FIGURE 3.1. (Refer 
APPENDIX B for experimental photos) 
TABLE 3.1 Materials, Chemicals and Apparatus 
Chemicals Purity Supplier 
Oil   
Waste Cooking Oil (WCO) N/A UTP Cafeterias 
Alcohol   
Methanol ≥ 99.9 % N/A 
Catalyst   
Sulphoric acid ≥ 95 % N/A 
Calcined chicken bone N/A UTP Cafeterias  
Pro-analysis chemicals   
iso-Proponol ≥ 99.8 % 
Merck chemical 
n-Hexane ≥ 99 % 
n-Heptane ≥ 99.5 % 
Potassium hydroxide 0.1 N 
Iodine ≥ 99.99 % 
Sodium sulphate ≥ 99 % 
Α-Naphtholphthalein ≥ 99 % 





Muffle Furnace 1 
Microwave 1 
Condenser 3 
Separation funnel 5 
Two neck round bottom reactor flask 4 
Magnetic stirrer 6 
Heavy plate 3 
Glass ware  










3.3.1 Catalyst Preparation (Farooq et al., 2015) 
Catalyst prepared was calcined chicken bones obtained from UTP cafeteria and 
restaurants. The preparation included cleaning the chicken bones by boiling with water 
to remove all flesh and blood, sunlight drying and oven drying at 100 °C for 24 hours. 
The chicken bones was then ground with agate mortar until became fine powder, and 
divided into 2 groups of catalyst to be calcined through furnace at 900 and 1000 °C. 
The synthesized catalysts were represented as C900 and C1000 following the 
calcination temperature, to further determine a better choice for the transesterification.  
 
3.3.2 Catalyst Characterization 
The calcined catalyst was characterized by Fourier-transform infrared 
spectroscopy (FTIR) and Field Electron Scanning Electron Microscope (FESEM) in 
order to ensure the chemical catalytic effect. In FTIR, The spectrum was recorded 
between 400 and 4000 cm-1. For this measurement, the absorbance IR spectra were 
recorded and compared to to investigate the functional groups in powders, organic 
compounds, hydroxyl groups (OH¯), carbonate (CO3
2¯) and anion phosphate (PO43¯). 
Field Emission Scanning Electron Spectroscopy (FESEM) was used to detect the 
morphology and structure of the catalyst by performing image of sample surface by 
raster scanning with a high-energy beam of electrons. Furthermore, it provided energy 
dispersive X-ray (EDX) analysis which helped to identify the elemental composition 
of the catalysts.  
 
3.3.3 Oil Characterization 
Prior to the transesterification of the oil, the analysis and determination of 
following physical and chemical characteristics of the oil sample were conducted; free 
fatty acid (FFA) content, Fatty acid (FA) composition, acid value, specific gravity, 
density, viscosity, and calorific value. As vegetable oil contains FFA, saturated and 
unsaturated fatty acid glycerides, acid value provides a measure of FFA, calorific value 
of the oil is an indicator of its fuel value, and viscosity and density of the oil provides 
an indication of its usability as a fuel (Abdulkareem, Jimoh, Odigure, Patience, & 
Afolabi, 2012). The characterization methods follow was the American Oil Chemists 
Society, AOCS Official Methods cd 3d-63, revised 2003 (Firestone, 2013).  
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3.3.3.1 Specific Gravity and Density 
𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐺𝑟𝑎𝑣𝑖𝑡𝑦 𝑜𝑓 𝑂𝑖𝑙 =  
𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑜𝑖𝑙
Density of water (1 g/ml)
                     (1) 
𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑠𝑢𝑏𝑠𝑡𝑎𝑛𝑐𝑒 
=  
𝑀𝑎𝑠𝑠 𝑜𝑓 𝑠𝑢𝑏𝑠𝑡𝑎𝑛𝑐𝑒 𝑤𝑖𝑡ℎ 𝑐𝑦𝑙𝑖𝑛𝑑𝑒𝑟 − 𝑀𝑎𝑠𝑠 𝑜𝑓 𝑐𝑦𝑙𝑖𝑛𝑑𝑒𝑟
𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑠𝑢𝑏𝑠𝑡𝑎𝑛𝑐𝑒
               (2) 
 
(1) A clean and dried 10mL-measuring cylinder (washed thoroughly with 
detergent, water and petroleum ether) was weighted.  
(2) The cylinder was filled with water and weighted. Mass and volume of 
water were recorded. 
(3) The cylinder was then dried and filled with the oil sample and 
weighted. Mass and volume of oil were recorded. 
(4) Density and specific gravity were calculated from the recorded 
weighing values as formula mentioned above 
 
3.3.3.2 Acid Value (AV) and Free Fatty Acid (FFA) 
Acid value (AV) is the measure of the free fatty acid (FFA) presented in oil 
which is one of the factor to design transesterification experiments, whereas acid 
number (AV) is a product quality indication, defined as the quantity of base expressed 
in milligrams of Potassium hydroxide (KOH) per gram of sample to a specified end 
point (AOCG, 2003; ASTM, 2006). 
𝐴𝑐𝑖𝑑 𝑉𝑎𝑙𝑢𝑒, 𝐴𝑉 =  
(56.1)(𝐴−𝐵)(𝑁)
𝑤𝑜𝑖𝑙
                                                         (3) 
𝐹𝑟𝑒𝑒 𝐹𝑎𝑡𝑡𝑦 𝐴𝑐𝑖𝑑 (𝐹𝐹𝐴)  =  
𝐴𝑉
2.81+2.56
                                                    (4) 
 
Where A is volume of KOH used in titration with the oil (ml),  
 B is volume of KOH used in blank titration (ml), 
N is Normality of Standard alkali used (mol/l),  
woil is the weight of the oil sample used (g) 
(1) Potassium hydroxide (KOH), 0.1 N in distilled water was prepared. 




(3) Solvent mixture consisting of equal parts by volume of isopropyl 
alcohol and toluene was prepared. 
(4) Phenolphthalein indicator solution was mixed with the neutral solvent 
in ratio of 2 mL to 125 mL in the Erlenmeyer flask and neutralized 
with alkali to a faint but permanent pink color. 
(5) The oil sample was added to the Erlenmeyer flask of neutralized 
solvent following the size from TABLE 3.2; 
(6) The sample was titrated with KOH to the permanent pink color of the 
same intensity as that of the first neutralized solvent permanent pink. 
(7) Blank titration using 125 mL of neutralized solvent was carried out. 
(8) Calculations were performed according to the experimental record to 
determine the acid value and fatty acid content. 
TABLE 3.2 Oil sample size for Acid value determination 
Acid value 
Mass, g of sample 
(±10%), g 
Weighing accuracy, ±g 
0-1 20 0.05 
1-4 10 0.02 
4-15 2.5 0.01 
15-75 0.5 0.001 
75 and over 0.1 0.0002 
 
3.3.3.3 Viscosity 
The viscosity was measured by BROOKFIELD (model cap 2000+, USA) 
programmable digital viscometer following the procedure as below; 
(1) The spindle was selected and attached to the handle while setting the 
spindle number accordingly. The temperature and speed were set at 40 °C 
and 250 rpm respectively.  
(2) The handle was lowered and locked so that the spindle closer to the plated, 
allowing the spindle and plate to an equilibrium.  
(3) The handle was raised to place WCO sample until covering the glass plate, 
and then lowered and locked.  
(4) The spindle was allowed to equilibrate to the temperature control setting. 
The run time for rotating was set and the run key is pressed. Then, cP and 
accuracy percentage results were recorded. 
(5) The tests were repeated for all six spindle.  
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3.3.4  Transesterification 
The reaction consists of two step transesterification which were Acid Catalyzed 
Esterification and Alkali Catalyzed Transesterification. The Acid Catalyzed 
Esterification was designed for oil pre-treatment where the oil was heated and mixed 
with the concentrated solution H2SO4 as acidized catalyst in order to remove methanol-
water fraction at the top layer and prepare WCO for the Alkali Catalyzed 
Transesterification. In the Alkali Catalyzed Transesterification, the reaction was 
designed for 2 sets for investigation of biodiesel conversion method using calcined 
chicken bone at 900 °C and 1,000 °C noted as C900 and C1000 as heterogeneous 
catalyst to increase the reaction rate; (1)Alkali Heterogeneous Catalysis  
Transesterification and (2) Microwave energy pretreated Alkali Heterogeneous 
Catalysis Transesterification. The biodiesel obtained was undergone another 
purification by washing and drying prior to biodiesel yield calculation. 
 
3.3.4.1  Acid Catalyzed Esterification (Oil Pre-Treatment) 
(1) A two neck round bottom flask reactor equipped with a reflux 
condenser, a magnetic stirrer and a thermometer were set up, heating to 
60⁰C, while immersed in silicon oil bath to main the reaction 
temperature. 
(2) 50g of WCO was placed in the round bottom flask reactor.  
(3) 12:1 molar ratio of methanol to oil mixed with 3.5 wt% of Sulfuric acid 
to oil was prepared and added to the reactor flask. 
(4) Using magnetic stirrer at 400 rpm, the obtaining mixture was stirred for 
60 minutes and then poured into a separating funnel in order to settle 
itself for 2 hours. 
(5) The methanol-water fraction at the top layer was removed and the oil 
was decanted to be used for the next step, transesterification. 
(6) The bottom layer was recovered and then be washed with warm (50 – 






3.3.4.2 Alkali Heterogeneous Catalysis Transesterification 
(1) A two neck round bottom flask reactor equipped with a reflux 
condenser (to prevent loss of methanol), a magnetic stirrer and a 
thermometer were set up, heating to 40⁰C, while the reactor was 
immersed in silicon oil bath to main the reaction temperature. 
(2) To activate the catalyst, methanol mixed with calcined chicken bone 
catalyst was prepared and added to the reactor flask. The catalyst 
mixture was stirred at 40⁰C and 400 rpm for 40 minutes. 
(3) For Microwave pretreated transesterification, the catalyst and oil were 
placed in reactor flask and activated altogether in microwave. 
(4) The reactor was heated to testing temperature while stirring speed was 
maintained at 400 rpm. 
(5) The obtaining mixture was stirred for various testing time and then 
poured into filter paper connecting to separating funnel in order to 
remove the solid catalyst and settle itself for 2 hours. 
(6) After settling, the upper layer (biodiesel) was decanted into a separate 
beaker while the lower layer which comprises of glycol and soap was 
collected from the bottom of the funnel. 
(7) The quantity of product and byproducts collected was measured. 
 
3.3.4.3 Biodiesel Purification 
Catalyst removal 
(1) Centrifuge equipment was used at 6000 rpm for 5 minutes to segregate 
the solid catalyst and biodiesel. 
Washing and Drying 
(1) Biodiesel was washed using warm water of 45 °C and passed through 
the esters to allow soluble material, excess catalyst and other impurities 
to stick to the water and be settle to the bottom of the vessel.  
(2) The wash water was removed from the vessel accordingly until it was 
clear or biodiesel pH becomes relatively neutral. 
(3) Biodiesel was heated gradually at 100 °C until the moisture present was 
evaporated or the cloudy content was gone. 
19 
 
3.3.5  Statistical Experimental Design  
In this study central composite design (CCD) technique of responses surface 
methodology (RSM) was used for experimental design of two (2) models of 
experiments to investigate the individual and interaction effects of reaction variables 
and determine the optimum reaction condition for transesterification of WCO with 
Methanol using C900 as alkali catalyst. The first experiment model (Model 1) was 
transesterification reaction without microwave heating, and the second model (Model 
2) was microwave energy pretreated transesterification reaction.  
In all the experiments, oil sample size and stirrer speed were kept constant at 
10 grams and 400 rpm respectively. Yield of biodiesel produced by transesterification 
depended mainly on the four independent variables. For Model 1, the investigated 
parameters were Methanol to oil ratio (X1), C900 concentration (X2), reaction 
temperature (X3), and reaction time (X4). For Model 2, the observed parameters were 
Methanol to oil ratio (X1), C900 concentration (X2), reaction time (X4), and 
Microwave heating time (MWHT, X5) while reaction temperature was remained 
constant at 60 °C. According to RSM experimental design technique, it was considered 
that each variable possesses five different levels from low (-2), (-1), (0), (1) and to 
high (2). For these 4 independent variables of each model at 5 levels using CCD with 
a 24 factorial, 31 numbers of experiments were required. Prior to the designed 
experiments, a set of preliminary experiments was conducted in order to determine the 
range of the variables, step size and the central value. 
MINITAB 14 software package was used for building the experimental design, 
analyzing the results, investigating the variables and their interaction effect on the 
response and response optimization, and plotting the three dimensional surface and 
contour graph. The experimental results was fitted using a polynomial quadratic 
equation as shown in equation (5) in order to correlate the response variables and 
develop a model that predicts (estimates) the yield of FAME (Yi) at designed reaction 
variable combination (Xij) where βo, βi and βij are the offset, linear, and squared term 
respectively. The variable Xi was coded accordingly. 
𝑌𝑖 =  𝛽0 + ∑ 𝛽𝑖𝑋𝑖
𝑘
𝑖=1 + ∑ 𝛽𝑖𝑖𝑋














3.4 Project Activity and Key Milestone  
 
 








3.5 Gantt Chart 









This chapter presents the experimental results and discussion. Section 4.2 
describes the characteristics of heterogeneous catalyst using in the present work. 
Sections 4.3 presents the characterization and the properties of the filtered WCO. 
Section 4.4 presents the preliminary experiments to investigate the reaction yield and 
effect of the derived catalyst. Section 4.5 and 4.6 are discussed about the two models 
of transesterification results from each RSM experimental design and section 4.7 
shows the optimum conditions and maximum yield. (Refer APPENDIX B) 
 
4.2 Catalyst Characterization 
4.2.1 Physical Observation 
After calcination, it can be physically observed the color change of chicken 
bone catalyst from (a) light yellow brown, (b) cream white, and (c) off white color as 
shown in FIGURE 4.1.  
 (a)  (b) (c) 
FIGURE 4.1  (a) Calcined catalyst at 500 °C, (b) Calcined catalyst at 600 °C, 
                              (c) Uncalcined catalyst, C900, C1000 
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Visibly, 1000˚C of calcination or C1000 gives the finer particle than of 900˚C 
or C900. With the same heating time and process applied to the chicken bone, it can 
be explained by the research of Lim et al. (2012) and Phiraphinyo et al. (2005) that of 
transitional changes during calcination, which is associated with the weight loss of 
chicken bone, measured using Thermogravimetric Analysis (TGA) to identify the 
decomposition of the organic and inorganic components in the materials. It was found 
that the thermal calcination process in chicken bone causing the weight loss in chicken 
bone, was complex and had different phase changes which was due to; (1) loss of water 
at about 50 to 250 ˚C, (2) thermal decomposition of organic matter from 250 to 600 
˚C, resulted in color change to black and grey as the organic matter decomposed to 
carbonate and smaller molecule, and (3) decomposition of the carbonate at above 600 
˚C, the chicken bone color turned to be gradually brighter. 
 
4.2.2 Morphological Analysis  
























   




The crystalline nature and surface morphology of hydroxyapatite of C900 and 
C1000 were studied using field emission scanning electron microscope (FESEM) and 
the results are shown in FIGURE 4.2. The thermal calcinations leads to the different 
surface morphology of the samples due to the change in porous network after the 
removal of organic materials from the bone (Rajesh., 2012). It is also found that fine 
small crystals agglomerate one to another once the calcination temperature increase 
(Venkatesan & Kim, 2010). The FESEM images confirm the derived hydroxyapatite 
belongs to the flake like its general structure with the crystalline size about 200–400 
nm, and 400–600 nm for C900 and C1000 respectively. 
 
4.2.3 Energy Dispersive X-ray (EDX) Analysis 
Energy Dispersive X-ray analysis was be carried out to identify the elemental 
composition of the catalysts. The result summary is as shown in TABLE 4.1; 




















C K 4,827 40.67 54.14 20.61 32.50 23.84 35.92 
O K −183 35.06 35.03 38.00 44.98 40.28 45.57 
Na K 882.8 - - 0.97 0.80 0.68 0.54 
Mg K 1,091 0.85 0.56 2.95 2.29 2.02 1.51 
P K 280.5 7.95 4.11 12.38 7.57 11.09 6.48 
Ca K 1,484 15.47 6.17 25.10 11.86 22.09 9.98 
Total N/A 100.00 100.00 100.00 
Ca/P N/A 1.95 1.50 2.03 1.57 1.99 1.54 
It is observed that Calcium, Oxygen and Phosphorus were the major elements 
presented in C900 and C1000. Other elements appeared in minor amounts such as 
Magnesium, Sulphur and Sodium which are similar to other reports (Farooq et al., 
2015; Rajesh et al., 2012; Venkatesan & Kim, 2010). The Ca/P ratio with weight 
percentage of Ca and P were calculated as a proof of isolated Hydroxyapatite in the 
sample. The Ca/P ratio for the isolated Hydroxyapatite is slightly higher than that of 
stoichiometric Hydroxyapatite value of 1.67 which could result from the formation of 
CaO during calcinations. However, it is positive for the experiment as CaO is one of 
effective biodiesel catalyst (Liu, Wang, Zhao & Feng, 2008).   
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4.2.4  Fourier Transformed Infrared (FTIR) 
The FTIR spectra of raw chicken bone, C900 and C1000 results were as 
illustrated in FIGURE 4.2, in which the IR spectrum bands exhibit ranging from 4000 
cm-1 to 400 cm-1 and can be read through the absorption of samples at each different 





FIGURE 4.3 FTIR spectrum results (From top to bottom: C1000, C900, Original) 
 
TABLE 4.2 FTIR standard spectrum values 
Functional 
group 
OH- H2O CO32- PO43- HPO42- OH- PO43- 
Standard 
spectrum 
3570 2928 1573 1090, 
1040, 
960 
983 634 603, 
565 
Original 3431.85 2928.5 1555.7 1031.9 981.99 679.36 604.05 
562.3 
C900 3568 - - 1093.6, 
1049 
981.99 - 604.05, 
569.82 
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The FTIR spectrums of raw chicken bone compared to C900 and C1000 
indicate the disappearance and elimination of organic substance at higher temperature 
while the hydroxyapatite structure consisting of PO4
3- and OH- functional groups are 
remaining. The obvious organic removal results are the spectrum peak at 1653 cm-1 of 
which indicates the existence of Amide I band of collagen as natural organic functional 
group, the broad peak of moisture (H2O) at about 2928.5 cm
-1, and the IR band at 
1555.7 cm-1 which are attributed to the type B carbonate groups (CO3
2-) in raw chicken 
bone powder. Another result can be seen from a decrease characteristic peaks of OH- 
band from 3431.85 to 3568 and 3573.7 cm-1 in C900 and C1000 which due to the 
dehydroxylation of the hydroxyl group in Hydroxyapatite with higher temperature, 
giving CaO. This result is also supported by EDX analysis in section 4.2.3. On the 
other hand, the well-defined peaks at 1090-1040, 960, 983, 634, 603-601, and 570-569 
cm-1 indicate the crystalline nature of isolated Hydroxyapatite obtained by the thermal 
calcination (Luna-Zaragoza et al., 2009).  
 
4.2.6 Summary of Catalyst Characterization 
The FTIR results revealed the presence of inorganic and organic matrices in 
raw bone and a preserved carbonated group in the derived hydroxyapatite. FESEM 
showed the formation of nanostructured hydroxyapatite and crystal agglomeration 
observed with an increase in temperature. The calcium to phosphorous weight ratio 
was determined by EDX results of treated bones. Based on the analysis, it can be 
assumed that C900 and C1000 could bring tremendous impact on the production of 










4.3 Waste Cooking Oil (WCO) Characterization  
WCO in this research was 4 day used cooking oil received from a restaurant in 
UTP. It was first treated by cotton and paper filtering, and heating for several time to 
remove the water and prevent the wax which might occur at low temperature due to 
the fatty acid in WCO. The oil was then taken to run the characterization; Fatty acid 
composition, Acid value determination,  
 
4.3.1 Fatty acid composition 
Gas Chromatograph-Mass Spectrometer (GCMS) was used to determine the 
compounds in a sample. Qualitative results of used cooking oil were obtained from the 
GCMS library.  
(a)  (b)  
FIGURE 4.4  GCMS results of WCO (a) before filtering, and (b) after filtering 
The GCMS results of WCO has similar trend but lower in percentage with the 
original palm oil composition from the previous researches as well as the current 
research which generally consists of oleic acid 39-42 % and palmitic acid 42-46 %. 
Original WCO consists of 19.1 % of palmitic acid and 31.2 % of oleic acid. The other 
fatty acids are myristic, palmitoleic, stearic, linoleic and archiridic. Filtered WCO 
consists of 12.17 % of palmitic acid and 11.29 % of oleic acid. The other fatty acids 
are linoleic and linolenic. As WCO is contaminant palm oil after cooking, there is 
hence other organic compounds. Original WCO has 31.61 % of other composition 
which contains of 82.80 % of Methylene chloride with 85 minor components while 
filtered WCO has 68.3 % of other composition consisting of 95.88 % of Methylene 
chloride with the minor components of several unsaturated organic compounds such 
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as oleic anhydrous, trimellitic acid, propionic acid, squalene, dimethyl ester, caffeine, 
quinolinedione, carboxylic acid and many more up to 32 types including natural herb 
drug alike and carcinogen which might be derived from the ingredients during cooking 
and also the toxic development after several oil usage. However, Methylene chloride 
is feasible to produce biodiesel as it has petroleum based structure with acceptable 
heating value. The percentage of fatty acid composition is shown as TABLE 4.3. 
 
TABLE 4.3  Chemical composition of Palm oil, WCO from other studies and the  
















Lauric C12:0 Dodecanoic - 0.1 - - 
Myristic C14:0 Tetradecanoic 1.23 0.9 0.33  
Palmitic C16:0 Hexadecanoic 41.78 45.6 19.1 12.17 
Palmitoleic C16:1 Hexadecanoic - 0.4 0.23 - 












- 0.1 - 0.54 
Arachidic C20:0 Eicosenoic - - 1.21 - 
Erucic C22:1 Docosenoic - - 0.15 - 












4.3.2 Acid value determination  
The result for the acid value is as follows:  
TABLE 4.4 Acid value determination of WCO after filtering 
Run  1 2 
Mass of WCO  2.50 0.50 
Titration starting point  2.15 3.20 
Titration end point  3.00 3.80 
Volume KOH used (mL)  0.85 0.60 
Blank titration starting point  3.00 3.80 
Blank titration end point  3.40 4.20 
Volume KOH used (mL)  0.40 0.40 
Acid value (mg KOH/g)  1.0028 2.244 
Average  1.6234 
Free fatty acid (FFA) value 0.605 
 
The acid value is the number of milligrams of potassium hydroxide (KOH) 
necessary to neutralize the free acids in 1 gram of WCO (AOCS, 2003). In this present 
work, the acid value was determined according to AOCS Official Method Cd 3d-63. 
The two run results were averaged to 1.6234 and divided by 2.685 as the main 
compositions of palm oil are palmitic and oleic acid. The free fatty acid (FFA) value 
is hence equal to 0.605. Theoretically, this number indicates a good condition in 
producing biodiesel as reported by several studies that vegetable oil with less than 3% 
of FFA content can directly undergo one step alkali transesterification reaction 
(Ahmad et al., 2010; Worapun et al., 2010). Nevertheless, acidized transesterification 
was also run in this research as to prove the acid value obtained. 
In contrast, the presence of high FFA in a vegetable oil cannot be directly used 
in based catalyzed transesterification process as FFA might react with base catalyst 
which results in serious emulsification and separation problem, leading to the 
formation of soap and reducing the biodiesel yield. if the FFA content in WCO is high, 
thus two-step transesterification reaction is required in which WCO needs to undergo 
acid catalyzed transesterification (esterification) to reduce the FFA content before 





4.3.3 Density and Specific Gravity Determination  
Density is a measure of the mass per unit of volume of that substance. 
Increasing temperature causes the decreasing density. Relatively, specific gravity is 
the ratio of the density of a substance to the density of a reference substance. The 
calculated result for density and specific gravity are 0.8466 g/mL and 0.8466 
respectively as follows:  
𝐷𝑒𝑛𝑠𝑖𝑡𝑦 =   
𝑀𝑎𝑠𝑠 𝑜𝑓 𝑚𝑒𝑎𝑠𝑢𝑟𝑖𝑛𝑔 𝑐𝑦𝑙𝑖𝑛𝑑𝑒𝑟 𝑤𝑖𝑡ℎ 𝑊𝐶𝑂 − 𝑀𝑎𝑠𝑠 𝑜𝑓 𝑚𝑒𝑎𝑠𝑢𝑟𝑖𝑛𝑔 𝑐𝑦𝑙𝑖𝑛𝑑𝑒𝑟
𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑜𝑖𝑙
 
                  =   
37.0454 𝑔 − 32.8122 𝑔
5 𝑚𝐿
    =     0.8466 𝑔/𝑚𝐿 
𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑔𝑟𝑎𝑣𝑖𝑡𝑦   =    
𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑊𝐶𝑂
𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟
     =     
0.8466 𝑔/𝑚𝐿
1            𝑔/𝑚𝐿
     =   0.8466 
 
4.3.4 Calorific Value Determination  
The calorific value of WCO obtained from bomb calorimeter experiment is 
38.314 MJ/kg (Khalid et al., 2011) which is nearly to the petroleum based diesel 
energy content at 43.115 MJ/kg as required by the ASTM D6751-07, EN 14214 and 
NTP 321.003.2005 standards. With transesterification under temperature and time 
condition, therefore, WCO is considered as a feasible fuel through that heating energy 
value (Arteaga et al., 2010). 
 
4.3.5 Viscosity Determination  
With the spindle speed of 250 rpm and temperature of 40 ℃, the viscosity result 
is as TABLE 4.5;  
TABLE 4.5 Viscosity determination 
Spindle 
Run 1 Run 2 
cP Accuracy(%) cP Accuracy(%) 
1 22.5 3.0 23.3 3.1 
2 41 2.7 43.5 5.8 
3 56 3.7 56 3.7 
4 96 1.6 72 1.2 
5 36 0.3 24 0.2 
6 30 0.1 60 0.2 
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The viscosity of WCO at the highest accuracy percentage is at 43.5 cP with the 
accuracy of 5.8%. This value is higher as compared to petroleum based diesel fuel 
required by ASTM D975 standard which is 1.9-4.1 cP at 40 ℃ (ASTM, 2007). 
Therefore, WCO is required to undergo transesterification reaction in order to reduce 
its viscosity to a range similar with petroleum based diesel thus make it work 
effectively as fuel in standard diesel engine. 
 
4.3.6  Summary of WCO properties  
The properties of WCO are tabulated in the TABLE 4.6 below:  
TABLE 4.6 Summary of WCO properties 
Test Unit Result Diesel Method 
Density kg/m3 846.6 832 Measuring cylinder 
Viscosity (cP) cP 43.5 1.9-4.1 Viscometer 
Calorific Value MJ/kg 38.314 43.115 Khalid et al. (2011) 
Acid value mgKOH/g 1.6234 0.80 AOCS Cd 3d-63 
FFA content (%) wt.% 0.605 < 3 AOCS Cd 3d-63 




Palmitic 45.6 19.10 12.17 
Oleic 38.5 31.12 11.29 
Linoleic 11.03 10.00 7.70 
Myristic 0.33 0.9 - 




4.4 Preliminary Experiment 
4.4.1 Esterification reaction  
Initial, the FFA content of WCO before esterification is at 0.65 %, still within 
the required qualification to produce biodiesel which is below 3%. However, WCO is 
still proceeded to undergo acid-catalyzed esterification in order to reduce the FFA 
content in the oil before followed by alkaline catalyzed transesterification to produce 
biodiesel. From TABLE 4.7, the acid value determination was tested using AOCS Official 
Method Cd 3d-63. As a result, it shows that the acid value and FFA content in WCO has 
reduced to 0.561 and 0.209% respectively which is slightly different from non-esterified 
oil. Hence, WCO is directly used for the experiment without esterification. 
TABLE 4.7 Acid value determination after Acidized transesterification 
Run  1 
Mass of WCO  10.00 
Titration starting point  0.5 
Titration end point  2 
Volume KOH used (ml)  1.5 
Blank titration starting point  0 
Blank titration end point  0.5 
Volume KOH used (ml)  0.5 
Acid value (mg KOH/g)  0.561 
Average  0.561 
Free fatty acid (FFA) value 0.209 
 
4.4.2 Transesterification Reaction  
Preliminary experiments of transesterification reaction were carried out in 
order to determine the range of variables value in RSM experiment design and also to 
select the better calcined catalyst. The fixing amount of variables were as following; 
Amount of WCO: 10 g 
Stirring speed: 400 rpm 
Catalyst concentration: 1.5 w/w % 
Reaction time: 60 minutes 




The FAME yield is calculated by using the following formula:  
FAME yield (%) =  
weight of oil after transesterification
weight of oil before transesterification
 𝑥 100        (7) 
TABLE 4.8 Preliminary experiment result 
Methanol to oil ratio 
Non-MWHT MWHT 
6:1 9:1 6:1 9:1 
FAME yield (C1000, %) 49.795 79.154 68.104 83.104 
FAME yield (C900, %) 80.33 82.21 89.87 92.52 
 
As the FAME yield, MWHT transesterification provides higher FAME yield 
than non-MWHT transesterification, and it shows that at 9:1 methanol to oil molar 
ratio at temperature 60 ℃ give the highest FAME yield which is 92.52 %. For the 
catalyst, C900 is selected due to higher yield compared to C1000 and also based on 
the characterization result which confirm better catalyst characteristics found in C900. 
Based on a set of preliminary experiments, range of the variables, step size and 
the central value were chosen as shown in following sections 4.5 and 4.6. The 
experimental results were fitted using a polynomial quadratic equation in order to 
correlate the response variables. 
 
4.4.3  Summary of FAME properties  
The properties of FAME are tabulated in the TABLE 4.9 below:  







Density kg/m3 825 818 860-900 
Measuring 
cylinder 
Viscosity cP 3.7 3.2 3.5-5 Viscometer 
Acid value mgKOH/g 0.584 0.561 < 0.80 AOCS Cd 3d-63 
FFA content wt.% 0.218 0.209 < 3 AOCS Cd 3d-63 
Fatty acid Composition (%) 
Palmitic 44.91 2.39 - GCMS 
Oleic 2.59 51.32 - GCMS 
Linoleic 2.32 - - GCMS 
Myristic 0.24 - - GCMS 
Others 49.26 45.45 - GCMS 




4.5 Alkali Heterogeneous Catalysis Transesterification 
In this section, alkali heterogeneous catalyzed transesterification of waste 
cooking oil (WCO) was investigated to conduct an optimization of alkali 
heterogeneous catalyzed transesterification reaction and to study the individual and 
interaction effect of the reaction variables on FAME yield.  
4.5.1 Optimization of Alkali Heterogeneous Catalysis transesterification of WCO 
4.5.1.1 Design of Experiment (DOE) 
In this section, yield of FAME produced is mainly depends on four independent 
variables: Methanol to oil molar ratio (X1), C900 concentration (X2), reaction 
temperature (X3), and reaction time (X4). In all the experiment, amount of WCO and 
stirrer speed were remained constant at 10 grammes and 400 rpm respectively. 
The individual and interaction effect of process variables and the optimal 
conditions to get the maximum FAME yield were investigated by using central 
composite design (CCD) technique of response surface methodology (RSM) for Alkali 
Heterogeneous Catalysis transesterification reaction. According to RSM Design of 
Experiment technique, it was considered that each reaction variable possesses five 
different levels from low (-2),(-1),(0),(1) and to high (2). The experiment range and 
level of the independent variable is shown in the TABLE 4.10 below: 
TABLE 4.10  Experimental range and level of the independent variables 
Variable Coded symbol 
Range and levels 
-2 -1 0 1 2 
Methanol to oil ratio X1 3 6 9 12 15 
C900 concentration (wt%) X2 0.75 1.5 2 2.25 3.75 
Reaction temperature (°C) X3 30 40 50 60 70 
Reaction time(minute) X4 15 40 65 90 115 
 
Thus, the complete design matrix of CCD for the variable combinations and 31 
experiments were carried out as a function of the un-coded variables (with coded 
variables in the parenthesis) prompted by central composite design technique along 
with the experimental yields for the alkali heterogeneous transesterification with 
methanol as presented in TABLE 4.11.  
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TABLE 4.11  Experimental design matrix by CCD technique for Alkali  

















1 9 (0) 2.25 (0) 50 (0) 65 (0) 86.476 86.4661 
2 12 (1) 1.5 (-1) 60 (1) 40 (-1) 87.484 87.1345 
3 6 (-1) 3 (1) 40 (-1) 90 (1) 83.13 84.8447 
4 9 (0) 2.25 (0) 30 (-2) 65 (0) 79.697 77.2371 
5 6 (-1) 1.5 (-1) 40 (-1) 40 (-1) 79.295 83.047 
6 9 (0) 2.25 (0) 50 (0) 65 (0) 87.001 86.4661 
7 9 (0) 2.25 (0) 50 (0) 115 (2) 98.306 95.3943 
8 12 (1) 3 (1) 60 (1) 40 (-1) 85.838 86.7277 
9 9 (0) 2.25 (0) 50 (0) 65 (0) 85.572 86.4661 
10 12 (1) 1.5 (-1) 60 (1) 90 (1) 89.7 90.1505 
11 6 (-1) 1.5 (-1) 40 (-1) 90 (1) 79.631 81.1325 
12 9 (0) 2.25 (0) 50 (0) 65 (0) 86.433 86.4661 
13 3 (-2) 2.25 (0) 50 (0) 65 (0) 82.218 81.7689 
14 9 (0) 0.75 (-2) 50 (0) 65 (0) 85.991 85.9626 
15 6 (-1) 3 (1) 60 (1) 90 (1) 88.733 89.1229 
16 6 (-1) 1.5 (-1) 60 (1) 90 (1) 87.218 85.9727 
17 12 (1) 1.5 (-1) 40 (-1) 90 (1) 86.265 86.4984 
18 9 (0) 2.25 (0) 70 (2) 65 (0) 83.408 85.1114 
19 12 (1) 3 (1) 40 (-1) 40 (-1) 84.083 83.6935 
20 9 (0) 2.25 (0) 50 (0) 15 (-2) 88.857 91.0123 
21 15 (2) 2.25 (0) 50 (0) 65 (0) 85.469 86.1616 
22 6 (-1) 1.5 (-1) 60 (1) 40 (-1) 89.362 87.8312 
23 12 (1) 1.5 (-1) 40 (-1) 40 (-1) 83.537 83.5384 
24 6 (-1) 3 (1) 60 (1) 40 (-1) 86.569 87.7009 
25 12 (1) 3 (1) 60 (1) 90 (1) 95.411 93.0242 
26 9 (0) 2.25 (0) 50 (0) 65 (0) 86.855 86.4661 
27 9 (0) 2.25 (0) 50 (0) 65 (0) 85.7308 86.4661 
28 6 (-1) 3 (1) 40 (-1) 40 (-1) 84.538 83.4787 
29 9 (0) 3.75 (2) 50 (0) 65 (0) 89.996 89.2679 
30 9 (0) 2.25 (0) 50 (0) 65 (0) 86.195 86.4661 
31 12 (1) 3 (1) 40 (-1) 90 (1) 85.012 89.934 
 
The yields of FAME varied in the range of 79.295 % to 98.306 %. The 
minimum yield was obtained with 6:1 of Methanol to oil ratio, 1.5 wt.% C900 
concentration at reaction temperature of 40 °C within 40 minutes of reaction time. 
Meanwhile, the maximum yield was reached at 9:1 of Methanol to oil ratio, 2.25 wt.% 




4.5.1.2      ANOVA and regression analysis 
Multiple regression was used to construct the empirical second-order 
polynomial model or quadratic model equation based on the experimental response of 
the full factorial central composite design to predict FAME yield, as a function of 
significant variables and was depicted in Equation (8). Positive sign in front of the 
equation terms shows synergistic effect whereas negative sign indicates antagonistic 
effect.  
𝑌𝐹𝐴𝑀𝐸,𝐴 =  47.5505  + 1.8058𝑋 1 + 0.1656𝑋 2  + 1.5926𝑋 3  − 0.5957𝑋 4    
         −0.0829𝑋1
2   +   0.5187𝑋2
2    − 0.0132𝑋3
2     + 0.0027𝑋4
2  − 0.1141𝑋 1𝑋 2 
          −0.0120𝑋 1𝑋 3    + 0.0137𝑋 1𝑋 4  − 0.0437𝑋 2𝑋 3  + 0.0271𝑋 2𝑋 4 +  0.0023X3𝑋4 
(8) 
TABLE 4.12 presents the analysis of variance for the regression model. The p- 
and t-values for the variables in the second-order polynomial model equation (8) 
obtained from the regression analysis based on coded variables (TABLE 4.9). Overall, 
P-values of the fitted model of < 0.0001 was lower than 0.05 while t-values was 
greater, which demonstrated that the model equation had high significance and could 
be reliable to predict the yield of FAME except for  𝑋1 Methanol to oil ratio and 
𝑋2 C900 concentration. As a higher model, it can be concluded that 𝑋3 Reaction 
temperature and 𝑋4 reaction time influenced the yields of FAME significantly while 
the reaction temperature term 𝑋3  has least significance (due to the high p-value and 
low t-value). Consequently, the interaction terms involving reaction term 𝑋3 and 𝑋4  
have least significance. 
F-value for model determines the validity of the association of the terms with 
respect to the response while F-value for the lack-of-fit test shows whether the higher-
order terms in the model are missing. F-value is related to p-value in which measures 
the evidence against the null hypothesis. F-value from regression of this model is 6.67 
(8.67 for linear, 9.77 for square and 1.22 for interaction terms) where interaction terms 
are the weakness of the model validity due to the lower F-value and higher P-value. F-
value for lack-of-fit test is higher than F-value for model at 23.46 and regression square 
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is 82.90 %, confirm that the model might provide an acceptably significant validity in 
only certain interaction. 
TABLE 4.12 Regression Coefficients for Experimental yield (%) and Analysis of  
Variance for Alkali heterogeneous catalysis transesterification 







Constant 47.5505 19.1112 2.488 0.024 
𝑋1 1.8058 1.3535 1.334 0.201 
𝑋2 0.1656 5.4138 0.031 0.976 
𝑋3 1.5926 0.4668 3.412 0.004 
𝑋4 -0.5957 0.1587 -3.753 0.002 
𝑋1
2 -0.0829 0.0430 -1.927 0.072 
𝑋2
2 0.5187 0.6881 0.754 0.4620 
𝑋3
2 -0.0132 0.0039 -3.406 0.004 
𝑋4
2 0.0027 0.0006 4.363 0.000 
𝑋1𝑋2 -0.1141 0.2300 -0.496 0.627 
𝑋1𝑋3 -0.012 0.0172 -0.695 0.497 
𝑋1𝑋4 0.0137 0.0069 1.993 0.064 
𝑋2𝑋3 -0.0437 0.0690 -0.634 0.535 
𝑋2𝑋4 0.0271 0.0276 0.981 0.341 
𝑋3𝑋4 0.0023 0.0021 1.114 0.282 
Standard deviation 2.070 
Regression square 85.4 % 
Adjusted regression square 72.6 % 















Abbreviation DF Seq. SS Adj. SS Adj. MS F P 
Regression 14 400.170 400.170 28.5835 6.67 0.000 
 Linear 4 201.482 148.561 37.1402 8.67 0.001 
 Square 4 167.392 167.392 41.8481 9.77 0.000 
 Interaction 6 31.295 31.295 5.2158 1.22 0.348 
Residual Error 16 68.549 68.549 4.2843 N/A N/A 
 Lack of Fit 10 66.840 66.840 6.6840 23.46 0.001 
 Pure Error 6 1.709 1.709 0.2849 N/A N/A 
Total 30 468.719 N/A N/A N/A N/A 
 
In order to test the fit of the model, the determination coefficient was evaluated. 
FIGURE 4.5 shows the predicted versus observed value for FAME yield with 
acceptably high coefficient of multiple determination of 0.854. The quadratic model 
could explain 85.40 % of the variability in FAME yield. The value of adjusted 
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coefficient of multiple determinations (adj. R2), which was more suitable for 
comparing model with different numbers of independent variables, was also high of 
0.726. A high R2 and adj. R2 reveals that the model can be applied to predict the 
response of FAME yield with acceptable precision. 
 
FIGURE 4.5 Diagnostic plot of Predicted versus Experimental FAME yield for  
Alkali Heterogeneous Catalysis Transesterification 
 
4.5.2 The individual interaction effect of the reaction variables on FAME yield  
The response surface plots for the FAME yield as a function of two factors  
whereas the other factors on hold at their center point level were plotted in the three 
dimensional surface aside with the respective contour as shown in FIGURE 4.6 . Valid 
and acceptable interaction between two variables on the response are determined by 
the elliptical shape of the contour plot. However, the contour plot approaching circular 
shape indicates the less interaction effect between the variables to the response 
(Hailegiorgis, Mahadzir & Subbarao, 2013).  
FIGURE 4.6 (a) illustrates the interaction effects of methanol to oil molar ratio 
and catalyst C900 concentration (C900 w/wt%). Both parameters depict a good 
interaction effect as observed from the surface and contour plot that increasing 
methanol to oil ratio and catalyst concentration tend to increase the FAME yield. At 
certain marginal limits, however, the FAME yields decline due to the reduction of 
catalytic effect caused by over loading of methanol. Furthermore, the excess methanol 
leads to solubility problem as the FAME is easily dissolved in glycerol phase while 
























biodiesel recovery. From the contour plot, the maximum yield ranges above 88 % 
within 6.25 to 14 methanol to oil molar ratio and 3.25 to 3.5% w/wt of C900 
concentration. Nevertheless, the p-value of 0.627 and t-value of -0.496 show less 
significance. The contour plot tends to approach the eclipse shape which show the 
validity of results. To improve the validity and maximum yield, hence the range of 
design parameters shall be increased to clearly show the eclipse on the contour plot. 
FIGURE 4.6 (b) presents the yield of FAME as a function of methanol to oil 
molar ratio and reaction temperature. From the plots, the rise of methanol to oil ratio 
and temperature increase the FAME yield up to above 87 % within the range of 
methanol to oil molar ratio from 8.33 to 13.33 and temperature between 51.67 and 
60.33℃. Further increase of conditions might result the FAME yield reduction due to 
the promotion of saponification at higher temperature. However, the results show less 
interaction effect between the variables to the response as contour plot approaching 
circular shape and the validity of the results is insufficient due to high p-value up to 
0.497 and low t-value at -0.695. This might be caused of the range of design 
experiment was underestimated. 
FIGURE 4.6 (c) presents the effects of methanol to oil molar ratio and reaction 
time towards the FAME yield. It is expected that certain amount of methanol to oil 
ratio and reaction time prolongation helps improving the FAME yield to a certain limit 
and further conditions out of its optimum value would reduce the FAME recovery due 
to the saponification. However, the obtained results are different from the expected 
results as very high yield is gained at both short and long reaction time while the yield 
is minimum at the central range. The most optimum yield above 99% are found at 
Methanol to oil molar ratio of range between 8.11 and 15, and reaction time from 106.5 
to 115 minutes. The p-value at 0.064 and t-value at 1.993 shows the approaching 
validity of the result as part of eclipse shape in contour plot is revealed. The result can 
be improved by opting the higher range of reaction time. 
FIGURE 4.6 (d) shows the interaction effects between C900 concentration and 
reaction temperature. The yield of FAME improved with increasing both of the 
parameters. The maximum yield is observed above 87.5 % with 2.6 to 3.75 w/wt (C900 
concentration) and reaction temperature ranges from 46 to 68 ℃. The p-value is 0.535 
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while t-value is -0.634. Increasing of catalyst concentration range might help 
improving the true optimum result.  
FIGURE 4.6 (e) presents the effects of C900 concentration and reaction time 
towards the FAME yield. It is expected that increasing amount of C900 concentration 
within a certain time could provide positive effects on FAME yield and otherwise 
saponification occurrence, reducing the FAME yield.  However, the obtained results 
are different from the expected results as optimum yield is not clearly shown while the 
higher yield gained at both short and long reaction time while the minimum yield is 
located at the central range. The most optimum yield above 99% are found at C900 
concentration of 3.4 to 3.75 w/wt and reaction time from 109 to 115 minutes. The p-
value at 0.341 and t-value at 0.981 shows highly insufficient validity which might 
cause from condition range underestimation and human error upon conducting the 
experiments. The result can be improved by opting the higher range of reaction time 
as well as the catalyst concentration. 
FIGURE 4.6 (f) depicts FAME yield as a function of reaction temperature and 
reaction time. It is expected that certain range of reaction temperature and time provide 
slightly positive effects on FAME yield whereas high reaction temperature promotes 
the saponification reaction. The obtained optimum yield above 99% results from 
reaction temperature above 50 °C and reaction time above 110 minutes. It is however 
less significant result as the p-value is high up to 0.282 and t-value is 1.114.  
 
4.5.3  Optimum reaction conditions for Alkali Heterogeneous Catalysis  
Transesterification  
 
TABLE 4.13  Optimum Condition of Alkali Heterogeneous Catalysis 
Transesterification  
Variable Coded symbol Low High Optimum 
Methanol to oil ratio (mol/mol) X1 6 12 9.14 
C900 concentration (wt%) X2 1.5 2.25 2.27 
Reaction temperature (°C) X3 40 60 51.91 
Reaction time(minute) X4 40 90 120.30 
From the design expert, RSM analyzation, it was observed that the maximum 
optimum FAME yield is 98.308 % for Alkali Heterogeneous Catalysis 









FIGURE 4.6  Surface and contour plots for Alkali Heterogeneous Catalysis  
   Transesterification 
42 
 
4.6 Microwave Energy Pretreated Alkali Heterogeneous Catalysis 
Transesterification 
In this section, the reaction of alkali heterogeneous catalysis transesterification 
of WCO was enhanced by microwave energy pretreated prior to the transesterification. 
The section includes optimization, individual interaction effect and optimum condition 
of microwave energy pretreated alkali heterogeneous catalysis transesterification 
4.6.1  Optimization of Microwave Energy Pretreated Alkali Heterogeneous  
Catalysis Transesterification  
4.6.1.1 Design of Experiment (DOE) 
Yield of FAME produced is mainly depends on four independent variables: - 
Methanol to oil molar ratio (X1), C900 concentration (X2), reaction time (X4) and 
Microwave heating time (MWHT, X5). In all the experiment, amount of WCO, stirrer 
speed and reaction temperature were remained constant at 10 grammes, 400 rpm and 
60 °C respectively. The individual and interaction effect of process variables and the 
optimal conditions to acquire the maximum FAME yield were investigated by using 
central composite design (CCD) technique of response surface methodology (RSM) 
for Microwave Energy Pretreated Alkali Heterogeneous Catalysis transesterification 
reaction. According to RSM Design of Experiment technique, it was considered that 
each reaction variable possesses five different levels from low (-2), (-1), (0), (1) and 
to high (2). The experiment range and level of the independent variable is as below: 
 
TABLE 4.14  Experimental range and level of the independent variables for  
Microwave Energy Pretreated Alkali Heterogeneous Catalysis 
Transesterification 
Variable Coded symbol 
Range and levels 
-2 -1 0 1 2 
Methanol to oil ratio X1 3 6 9 12 15 
C900 concentration (wt%) X2 0.75 1.5 2 2.25 3.75 
Reaction time(minute) X4 35 40 45 50 55 
Microwave heating time (minute) X5 1 1.5 2 2.5 3 
Thus, the complete design matrix of CCD for the variable combinations and 31 
experiments were carried out as a function of the un-coded variables (with coded 
variables in the parenthesis) prompted by central composite design technique along 
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with the experimental yields for the microwave energy pretreated alkali heterogeneous 
transesterification with methanol as presented in TABLE 4.15 
  
TABLE 4.15 Experimental design matrix by CCD technique for Microwave Energy  
















1 6 (-1) 3 (1) 40 (-1) 1.5 (-1) 75.4985 75.9759 
2 6 (-1) 3 (1) 50 (1) 1.5 (-1) 65.5448 68.0252 
3 9 (0) 2.25 (0) 45 (0) 2 (0) 86.755 85.6139 
4 12 (1) 3 (1) 50 (1) 2.5 (1) 80.423 79.1513 
5 12 (1) 1.5 (-1) 50 (1) 1.5 (-1) 89.149 91.3662 
6 12 (1) 1.5 (-1) 40 (-1) 1.5 (-1) 78.504 80.5684 
7 9 (0) 2.25 (0) 45 (0) 2 (0) 81.55 85.6139 
8 3 (-2) 2.25 (0) 45 (0) 2 (0) 78.048 75.1023 
9 6 (-1) 3 (1) 40 (-1) 2.5 (1) 82.796 81.641 
10 9 (0) 2.25 (0) 45 (0) 2 (0) 86.792 85.6139 
11 6 (-1) 1.5 (-1) 40 (-1) 2.5 (1) 87.604 88.3716 
12 12 (1) 1.5 (-1) 50 (1) 2.5 (1) 83.873 85.0096 
13 9 (0) 2.25 (0) 45 (0) 2 (0) 82.862 85.6139 
14 12 (1) 3 (1) 50 (1) 1.5 (-1) 86.746 87.5924 
15 9 (0) 2.25 (0) 45 (0) 3 (2) 83.124 85.6222 
16 9 (0) 2.25 (0) 45 (0) 2 (0) 88.884 85.6139 
17 12 (1) 3 (1) 40 (-1) 1.5 (-1) 89.355 89.1319 
18 9 (0) 2.25 (0) 35 (-2) 2 (0) 80.362 80.8838 
19 6 (-1) 1.5 (-1) 50 (1) 2.5 (1) 81.434 82.7193 
20 9 (0) 2.25 (0) 45 (0) 2 (0) 84.776 85.6139 
21 6 (-1) 3 (1) 50 (1) 2.5 (1) 64.102 63.6515 
22 9 (0) 2.25 (0) 55 (2) 2 (0) 76.89 73.6921 
23 6 (-1) 1.5 (-1) 40 (-1) 1.5 (-1) 78.288 80.6219 
24 15 (2) 2.25 (0) 45 (0) 2 (0) 90.279 90.5486 
25 6 (-1) 1.5 (-1) 50 (1) 1.5 (-1) 82.1803 85.0085 
26 9 (0) 3.75 (2) 45 (0) 2 (0) 75.527 77.1203 
27 9 (0) 0.75 (-2) 45 (0) 2 (0) 91.894 87.6246 
28 9 (0) 2.25 (0) 45 (0) 1 (-2) 91.488 86.3136 
29 12 (1) 1.5 (-1) 40 (-1) 2.5 (1) 85.669 84.2507 
30 12 (1) 3 (1) 40 (-1) 2.5 (1) 91.944 90.7297 
31 9 (0) 2.25 (0) 45 (0) 2 (0) 87.678 85.6139 
Based on TABLE 4.15, it was observed run 9 has the highest FAME yield 
which is 89.69% with predicted yield of 90.11% at at 4 minutes MWHT, 9 methanol 
to oil molar ratio, 0.75%w/wt C900 concentration and 30 minutes reaction time. 
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The yields of FAME varied in the range of 64.102 % to 91.944 %. The 
minimum yield was obtained by using 6:1 of Methanol to oil ratio, 3 wt.% C900 
concentration within 50 minutes of reaction time and 2.5 minutes of MWHT. 
Meanwhile, the maximum yield was reached at 12:1 of Methanol to oil ratio, 3 wt.% 
C900 concentration within 40 minutes of reaction time and 2.5 minutes of MWHT. 
 
4.6.1.2    ANOVA and regression analysis 
The regression analysis fitted the experimental response with the input process 
variables. Second order polynomial model equations in terms of coded and actual 
factors results of regression analysis. The full factorial central composite design to 
predict FAME yield, as a function of significant variables and was depicted in 
Equation (9). Positive sign in front of the equation terms shows synergistic effect 
whereas negative sign indicates antagonistic effect.  
𝑌𝐹𝐴𝑀𝐸,𝑀𝐸𝑃𝐴 =  −201.056  − 4.074𝑋 1 + 29.563𝑋 2  + 10.030𝑋 4 +  +52.641𝑋 5   
                     −0.077𝑋1
2   − 1.4417𝑋2
2     − 0.083𝑋4
2      + 0.354𝑋5
2  + 1.468𝑋 1𝑋 2   
                            +0.107𝑋 1𝑋 4 − 0.678𝑋 1𝑋 5 − 0.822𝑋 2𝑋 4  − 1.390 𝑋 2𝑋 5         
                         −1.004𝑋 4𝑋 5           
(9) 
TABLE 4.16 presents the analysis of variance for the regression model. The p- 
and t-values for the variables in the second-order polynomial model equation (9) 
obtained from the regression analysis based on coded variables (TABLE 4.13). 
Overall, P-values of the fitted model of < 0.0001 was lower than 0.05 while t-values 
was greater, which demonstrated that the model equation had high significance and 
could be reliable to predict the yield of FAME except for  𝑋1 Methanol to oil ratio. 
As a higher model, it can be concluded that 𝑋2Catalyst concentration, 𝑋4 Reaction 
time and 𝑋5 MWHT influenced the yields of FAME significantly while Methanol to 
oil molar ration term 𝑋1  has least significance (due to the high p-value and low t-
value). Consequently, the interaction terms involving reaction term related to 𝑋1  






TABLE 4.16  Regression Coefficients for Experimental yield (%) and Analysis of  
Variance for Microwave Energy Pretreated Alkali Heterogeneous  
Catalysis Transesterification 







Constant -201.056 66.7851 -3.010 0.008 
𝑋1 -4.074 2.9246 -1.393 0.183 
𝑋2 29.563 11.6986 2.527 0.022 
𝑋4 10.03 2.2900 4.380 0.000 
𝑋5 52.641 18.1376 2.902 0.010 
𝑋1
2 -0.077 0.0648 -1.196 0.249 
𝑋2
2 -1.441 1.0361 -1.390 0.183 
𝑋4
2 -0.083 0.0233 -3.571 0.003 
𝑋5
2 0.354 2.3312 0.152 0.881 
𝑋1𝑋2 1.468 0.3463 4.238 0.001 
𝑋1𝑋4 0.107 0.0519 2.057 0.056 
𝑋1𝑋5 -0.678 0.5194 -1.305 0.210 
𝑋2𝑋4 -0.822 0.2078 -3.959 0.001 
𝑋2𝑋5 -1.39 2.0777 -0.669 0.513 
𝑋4𝑋5 -1.004 0.3117 -3.221 0.005 
Standard deviation 3.117 
Regression square 88.8 % 
Adjusted regression square 79.0 % 















Abbreviation DF Seq. SS Adj. SS Adj. MS F P 
Regression 14 1235.00 1235.00 88.214 9.08 0.000 
 Linear 4 601.69 304.12 76.029 7.83 0.001 
 Square 4 143.84 143.84 35.959 3.70 0.026 
 Interaction 6 489.47 489.47 81.578 8.40 0.000 
Residual Error 16 155.41 155.41 9.713 N/A N/A 
 Lack of Fit 10 112.97 112.97 11.297 1.60 0.293 
 Pure Error 6 42.43 42.43 7.702 N/A N/A 
Total 30 1390.40 N/A N/A N/A N/A 
F-value for model determines the validity of the association of the terms with 
respect to the response while F-value for the lack-of-fit test shows whether the higher-
order terms in the model are missing. F-value is related to p-value in which measures 
the evidence against the null hypothesis. F-value from regression of this model is 9.08 
(7.83 for linear, 3.70 for square and 8.40 for interaction terms) where square terms are 
the weakness of the model validity due to the lower F-value and higher P-value, but 
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still under minimum requirement. F-value for lack-of-fit test is lower than F-value for 
model at only 1.60 and regression square is 88.80 %, which confirm that the model 
could provide a significant validity in the interaction effects. In addition, this model 
has higher result significance and validity as higher t- and f-value and low p-value 
were observed, comparing to Alkali Heterogeneous Catalysis Transesterification. 
FIGURE 4.7 shows the diagnostic plot of experimental FAME yield (observed) 
versus the predicted FAME yield for microwave energy pretreated transesterification. 
Linear trend are shown between the experimental values versus predicted values of the 
FAME yield. This indicate that the precision of the experimental values which are 
approaching to the predicted values. Besides, the R-Squared statistic (𝑅2 = 0.888) 
indicates that the model as fitted explains 88.80 % of the variability in FAME yield. It 
implies that 88.80% of the experiment values for microwave energy pretreated 
transesterification is reliable. 
 
 
FIGURE 4.7  Diagnostic plot of Predicted versus Experimental FAME yield for  
Microwave Energy Pretreated Alkali Heterogeneous Catalysis  
Transesterification 
 
4.6.2 The Individual Interaction Effect of the reaction variables on FAME yield  
Similar to the previous model in section 4.5, the response surface plots for the 
FAME yield as a function of two factors  whereas the other factors on hold at their 
center point level were plotted in the three dimensional surface aside with the 
respective contour as shown in FIGURE 4.8. Acceptable interaction between two 























FIGURE 4.8 (a) illustrates the interaction effects of methanol to oil molar ratio 
and catalyst C900 concentration (C900 w/wt%) of Microwave Energy Pretreated 
transesterification. Both parameters show a good interaction effect with valid p- and t-
value at 0.001 and 4.238 respectively. As observed from the surface and contour plot 
that increasing methanol to oil ratio and catalyst concentration tend to increase the 
FAME yield. At certain limits, however, the FAME yields decline due to the reduction 
of catalytic effect resulting from over loading of methanol. The excess methanol leads 
to insolubility as the FAME is easily dissolved in glycerol phase while excess C900 
concentration favors the saponification reaction, resulting in lower biodiesel recovery. 
From the contour plot, the maximum yield ranges above 90 % within 12.6 to 15 
methanol to oil molar ratio and 2.2 to 3.75 % w/wt of C900 concentration. It is 
predicted that the contour plot is approaching the eclipse shape if the range of design 
parameters increase, which would show the higher validity of results.  
FIGURE 4.8 (b) shows the interaction effects between methanol to oil molar 
ratio and reaction time towards FAME yield with p-value at 0.056 and t-value at 2.057 
which indicates the result validity and significance. The maximum FAME yield was 
observed at range of 11.75 to 15 methanol to oil molar ratio and between 43.5 to 50 
minutes of reaction time. Increasing the volume of methanol give positive impact 
towards FAME yield only until the maximum observed reaction time. Time 
prolongation afterwards decrease the FAME yield due to the solubility problem upon 
overtime reaction.  
FIGURE 4.8 (c) shows the interaction effects between methanol to oil molar 
ratio and microwave heating time (MWHT) towards FAME yield. The maximum 
FAME yield was observed at Methanol to oil molar ratio at 15, and MWHT at 1.10 
minutes. Increasing the volume of methanol give positive impact towards FAME yield 
but not at longer MWHT which brings slight decreasing effect to the FAME yield as 
the molecule can be at excited state for a short time to interact with the reaction and 
then return to stable state. However, the interaction effect is not highly significant due 
to high p-value at 0.210 and low t-value at -1.305. 
FIGURE 4.8 (d) depicts the interaction effects between C900 concentration 
and reaction time towards FAME yield with the p-value and t-value are at 0.001 and 
4.238 respectively, which indicates the reliability of the result above the requirement. 
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The reaction time favors the optimum FAME yield up to 85 % at 42.5 to 55 minutes 
while C900 concentration is between 0.75 to 3.05 w/wt%. Higher range of the two 
conditions lead to dramatically fall of the FAME yield due to the promotion of 
saponification. 
FIGURE 4.8 (e) presents the effects of C900 concentration and MWHT on the 
microwave pretreated transesterification on WCO. Different from FIGURE 4(c) result, 
the maximum FAME yield can be observed at higher rage of MWHT between 2.2 to 
3 minutes with C900 concentration between the ranges of 1.0 to 1.65 w/wt% as 
microwave energy helps improving the catalytic effect to excited state (ready for 
reaction). From the figure, increasing the C900 concentration and MWHT can increase 
the FAME yield up to a certain marginal value but overloading C900 concentration 
higher than 1.65 w/wt% and extra MWHT than 3 minutes might result in decreasing 
the FAME yield due to the favor of the saponification and limit catalytic effect. This 
interaction effect is however least effect due to the low p-value and t-value. 
FIGURE 4.8 (f) depicts the interaction between MWHT and reaction time of 
FAME yield on microwave energy pretreated transesterification on WCO. The FAME 
yield increasing up to the maximum which is above 90 % results from MWHT of 2.80 
to 3 minutes with the reaction time of 35 to 42.5 minutes. Time augmentation in both 
reaction and MWHT after the mentioned optimum range however results immediate 
yield fall due to the limit excited state time effect to the oil and catalyst, leading to the 
saponification. This interaction effect is precisely effected as the p-value is 0.005 and 
t-value is -3.221. 
4.6.3 Optimum reaction conditions for Microwave Energy Pretreated Alkali 
Heterogeneous Catalysis Transesterification 
TABLE 4.17  Optimum Condition of Microwave Pretreated Alkali Heterogeneous 
Catalysis Transesterification 
Variable Coded symbol Low High Optimum 
Methanol to oil ratio (mol/mol) X1 6 12 12.07 
C900 concentration (wt%) X2 1.5 2.25 3.15 
Reaction time(minute) X4 40 50 39.98 
Microwave heating time (minute) X5 1.5 2.5 2.63 
From the RSM analyzation, it was observed that the maximum optimum 







 (e)  
(f)  
FIGURE 4.8  Surface and contour plots for Microwave Energy Pretreated Alkali  
Heterogeneous Catalysis Transesterification 
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4.7  Optimum Conditions and Maximum Yield 
In the present studies, optimization on the FAME yield has been investigated 
with two different conditions as following;  
Optimization 1:  Alkali heterogeneous catalysis transesterification  
Optimization 2:  Microwave energy pretreated alkali heterogeneous catalysis  
transesterification  
In each experiment there are an enhancement towards the transesterification 
reaction to produce high FAME yield. Table below shows the summary of the 
optimum condition to achieve the maximum of FAME yield as presented by design 
expert software Minitab 14.0 RSM technique and optimum condition from experiment 
results. 
TABLE 4.18  Optimum conditions and Maximum yield 
Variable Unit Optimization 1 Optimization 2 
Amount of WCO  Gramme 10 10 
WCO pre-heating time Minute 5 (constant) N/A 
Methanol to oil molar ratio mol/mol 9.14 12.07 
C900 Concentration w/wt% 2.27 3.15 
C900 Activation time Minute 40 (constant) N/A 
C900 Activation temperature °C 40 (constant) N/A 
Reaction temperature °C 51.91 60 (Constant) 
Reaction time minute 120.30 39.98 
Microwave heating time minute N/A 2.63 
FAME yield (%) % 98.308 91.94 
 
From Table 4.18, it can be observed that optimization of Alkali heterogeneous 
catalysis transesterification of WCO has the numerically higher FAME yield compared 
to the Microwave energy pretreated alkali heterogeneous catalysis transesterification. 
For alkali heterogeneous catalysis transesterification, 98.308 % of FAME can be 
obtained by using methanol to oil molar ratio of 9.15 to 1 and C900 concentration of 
2.27 w/wt% at 51.91 °C within 120.30 minutes. The reaction however requires 
additional conditions which are WCO pre-heating for 5 minutes and C900 pre-
activation at 40 °C for 40 minutes. Meanwhile, microwave energy pretreated alkali 
heterogeneous catalysis transesterification uses methanol to oil molar ratio of 12.07 to 
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1 and C900 concentration of 3.15 w/wt% at 60 °C within 2.63 minutes of microwave 
heating time and 39.98 minutes of reaction time, to attain 91.94 % of FAME yield.  
Alkali heterogeneous catalysis transesterification is more enhancing in term of 
lesser resource consumption compared to microwave energy pretreated 
transesterification due to the decrement of material up to 24.27 % of methanol to oil 
molar ratio, 27.93 % of C900 concentration and 13.48 % of reaction temperature. 
However, alkali heterogeneous transesterification is time consuming as it consumes 
74.22 % higher the microwave energy pretreated transesterification of total time used. 
Thus, it can be concluded that microwave energy can improve the transesterification 
and enhance the FAME yield up to 3.38 times higher than alkali heterogeneous 



























In the present research work, WCO was used as the feed for transesterification 
reaction to investigate the reaction of microwave energy pretreated WCO compared 
with the results without microwave heating of the oil using heterogeneous catalyst 
derived from chicken bones at 900 °C. WCO and catalyst characterization were 
performed. WCO is feasible to be produced biodiesel as the acceptable 
characterization results C900 possess Calcium hydroxyapatite structure and are 
considered as effective catalysts for WCO.  
The individual interaction effects were investigated by Statistical method of 
experimental design using CCD technique of RSM. It is found that reaction 
temperature and reaction time are the significant variables for heterogeneous catalysis 
transesterification whereas reaction time, microwave heating time and C900 
concentration are dominant variables to the FAME yield. The optimum FAME yield 
of microwave energy pretreated transesterification is qualitatively higher than that of 
alkali heterogeneous catalysis transesterification due to its timing competitive.  
Alkali heterogeneous catalysis transesterification gains 98.308 % of FAME 
yield under conditions of methanol to oil molar ratio of 9.15 to 1 and C900 
concentration of 2.27 w/wt% at 51.91 °C within 120.30 minutes. Meanwhile, 
microwave energy pretreated alkali heterogeneous catalysis transesterification attains 
91.94 % of FAME yield under conditions of methanol to oil molar ratio of 12.07 to 1 
and C900 concentration of 3.15 w/wt% at 60 °C within 2.63 minutes of MWHT and 
39.98 minutes of reaction time. The results show that microwave energy can improve 
the transesterification and enhance the FAME yield up to 3.38 times higher than alkali 




For recommendation, microwave energy pretreated transesterification could be 
investigated using various types of non-edible oil with calcined chicken bones at lower 
calcined temperature. It is also recommended that range of design experiment should 
be shifted a level higher as for better individual interaction effect investigation when 
using solid heterogeneous catalyst, and catalyst derivation steps especially blood 
removal might be further improved using faster technique and better technology. In 
addition, catalyst and oil characterization facilities should make it more available for 
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APPENDIX A  
LITERATURE TABLES AND FIGURES 
 
 
FIGURE A.1 Transesterification reaction (Meireles & Pereira, 2013) 
 
 












Water & Sediment  D1796 0.050 max. vol. % 
Carbon Residue, 100% 
sample 
0.35 max. D524 0.050 max. wt. % 
Sulfated Ash 0.010 max. D874 0.020 max. wt. % 
Kinematic Viscosity, 
40 °C 
1.9 - 4.1 D445 1.9 - 6.5 
mm2/sec 
(cSt) 
Sulfur 0.050 max. D2622 0.050 max. wt. % 












Acid number  D664 0.80 max. mg KOH/g 
Free Glycerin  GC2 0.020 max. wt. % 















B.1 CATALYST PREPARATION 
(a) (b) (c)
(d) (e) (f)   
 (g)  (h)  (i) 
FIGURE B.1 (a) Chicken bone was boiling to remove its flesh 
FIGURE B.1 (b) Drying process by Sunlight 
FIGURE B.1 (c) Drying process by Oven 
FIGURE B.1 (d) Chicken bone was broken by agate mortar to remove the blood 
FIGURE B.1 (e) Chicken bone powder in porcelain 
FIGURE B.1 (f) Chicken bone powder was calcined in the furnace 
FIGURE B.1 (g), (h), (i) Calcined powder at 500 °C, 600 °C and 1000 °C 
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B.2 OIL PREPARATION 
(a) (b) (c)
(d) (e) (f) 
FIGURE B.2 (a) WCO collected from restaurant 
FIGURE B.2 (b) Cotton filtering (I) 
FIGURE B.2 (c) Stain on cotton after cotton filtering 
FIGURE B.2 (d) Cotton and paper filtering (II) 
FIGURE B.2 (e) Stain on cotton after cotton and paper filtering 
FIGURE B.2 (f) original WCO, cotton filtered WCO, cotton and paper filtered WCO 
 
B.3 OIL CHARACTERIZATION 
(a) (b) (c) 
FIGURE B.3 (a), (b) Acid value determination, and (c) viscosity determination 
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B.4 ACIDIZED TRANSESTERIFICATION (ESTERIFICATION) 
(a) (b) (c) 
FIGURE B.4 (a) Esterification experimental set-up 
FIGURE B.4 (b) Esterified WCO in separation funnel 
FIGURE B.4 (c) Esterified WCO 
 
B.5 ALKALI TRANSESTERIFICATION 
(a) (b) (c) 
(d) (e) (f) 
FIGURE B.5 (a) Transesterification experiment set-up 
FIGURE B.5 (b) FAME in separation funnel 
FIGURE B.5 (c)-(d) FAME and Used catalyst in filter paper respectively 
FIGURE B.5 (e)-(f) FAME yield 
